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^m^j:m<r>a:^i'^biwizm. iiismm<r>^^^ 

h . mim 1 ^ziim^mm^m.. 

imm 3 ] mi^^z{i-mmMnm^m.\,z^ 

imwnw>mmi.zi: ^^n^timiryr^^z^m-^ 
tix\<^h:itm^tth. mm 2 {zwmmmm. 

[if*«4 ] mm'^-m^mi. friea^fcM lx 

mmmx'hh:itmwittt. »««i~3w^-f 

tiMzimnmrnimm., 

{ttsm 5 ] m%imL<n}EfLmmi 3~ 1 0 m misi 

mr^mM.^fix^^t:Lbmw.t-ti>. mmi-Affi 

\.mimz%m<r>wsmmm.. 

[i§*«6] nmnm'm^zm^fix^^^^t 

x^m^h z b izX b 7&*T§ S i «• 

mb-ti>. mm'-eff)\^-mtiHzssmmmim 
us. 

imsma ] i&mmi^tsimru-HzWiffiiE 
nc^mmi:. m^mimmfSLtimmLxn-coif 
[^Mmmizmi^j:^^j:oizmmi. wmm^m^^ 
xm^m^u mm^zx'otmmmi:mcthz 
bi:msLbtt. mmt^msi^mmm, 
mm 9 ] i&mmmmmxh h , mmQ<,z 

mm 1 0 ] 1i^<0iEft««fii2: 3 ~ 1 0 mm^Pi 
XWrnrth. W[mstt:.\.i9\i:mk<^imffiWsm\ 

mm 1 1 ] mmwimfomffit J: hmmmim 
^'-f 5 y^^-rt> Lx^mm:mt:fi>z.bmmb 
•fh. mmsij^h 1 o<r)ntiMz^<mwm^t/i 

mm 1 2 ] mm i^K^^^-ttiMzwrnmu 
mmm.m\^xfmmnsmfizwmh. mms- 
1 i(r)\^i^Mzimmm<nmmmim. 

[0001] 



mi. ^mm^zt^m^mx'm^mm^zmm\ 
m^^-i. hzb m% hummiimmtimmmm 

[0002] 

wmbmnxhmm^s'm^mtzbxhh, * 

i?.«(l«-<Of^!H!l«SJtStt^«Stt (liI^rot#S« 

^izmmm. mmm^^imm^iznmzmkt 
m%<rmm.mmLx\.^hzbmtyi}*b^j:nx%x 

[0003] i^Wn^(:>^iZtltX. w^mb^(r>^ 

mmmmhrnz-thizMzm^^^-yx^t^, -e 
btmhtiHz^j:'>x%ti. i^mmi><r>-mt<^mm*j: 

tiibizii. Xm^zX < 3 > h D-;l^$fi^MSl^f^T 

[ 0 0 0 4 ] * nmmconm^rmmmth 
zbizx*). mmmmmmt. mizmthzb 

ijv^Tti. mmm<7)mssm-m^miitizbiiiiE 
^^j:mmim-rh±xmb^ihtix\^h, 
j^ui. m^xmw^ii<i^<r)vm&mzmm:m 

[0005] nmzm^m.m-ihtz)^<r>m^<r>im 

b LX[i. ( 1 ) VM'kWmmz^X'fhZUzl 0 

m\^^^th::LUzxmm^-mif>^t,tix\^ 

[0006] 

[^a3*<)!?^fcLJ;-3i:-ri.il5S] ^ICTUiiEUwls!* 

s c: b ^mm'<^twmb iti. 
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[00071 

i-i^mtmimmmmmm^^hzbizx'om 
mmmcDmmmmi^i hzbti<vti,zb^M.iii 

(om^x-mmmmizmmmm^^i mmx-h o , 

</)iEM(f)nMb. i^$mmi)^i^~^mmxtibzbT 
mmmiEncTimm^mthmb miizb ^ 

[0009] :^mmt LV^®«l=a:tL{f . S«#<0 

m^z}5\^xtmmf&t:?jihtiib(7)im^m^m- 

miEnconmbmmm^j:m(^^^^^'^b^w.izm 

x\^izb mmbi-i . ±izmm]mm mm 
wi,zii.mmm^mm:izmmm^j:Ti?'r^ *m 
lihti. tmmLffi^^^^ifimimmcnimizx 
*) ^timmiryr^'izmm^fix^^hzb mmb 

mi>znLxmmmT»>izbimLbt^. ±ie« 
mmw^ : mum<^iEn<r>mi)< 3~ i o m misi 
rnxmrn^tix^^tzbrnmbtt, mcommmm 
mw ■.mmv&i!)mwuzmm^tix\>^?>zbmmb 
■fs. ±Mi<mm$w^m: m/i.z. mmbmbcom 

oSBSt^.^ y\f—ryxm^-thzb izx *)-^iz^ 

-?zbf)^x^izb^mLbi-i. mmm^m 

[0010] :^mmmmizxtii£. i^mmi'^ 

mmru- h izmwtDjEnc^mm^ . mmmmm 
m-hmizM Lx n-cr)i]m-^mimizmiL^j:\,^x 
dt^sL, m'mm\>^xfi.mi:i&&u mmizx 
<oimmmmmwrti> z b ^msLbth . iWiBomsi 

[0011] *f6BB<7)0di tv^Hi^t J;^^^^, tmmm 

m<^mm)i^m)jm : imffiiEnffifmizxhv^mm 
m<r>9^ ^yy^-rt^Lxi^mmmmthzbim 



mbth. }^mm<nimm\mm\ftmz. m 

[0012] 

s 1 <7im'3m/zix\,zm'ihixmm^^-timmx 
hh, w^3\t^^mmi\.x'mm),zm,^t\. 
Tfc>). wm-mjr)nm\zm\n'5if^^^tcr:\^ 
h. ±fz'mm5\,z\.mwyX'>fzmk^wzh'y\- 

S^Sffl h \^-7i)i±1]^mmmXWHit:>itX 
aSCWJ^: 9 ^^mZM.':>XB&^ ilT V . 

[0013] m'3<Dmi.zii~mb ixe-^coa:^^ 

(7)mmtmw3mmizwLift:>iii>7^r^i5{z^ 
^mmtix\>^i. 

[0014] ri^rif l 5t:t402fc5rr«J^liai 7 

tim-&mim^tLxmm^mx'$>i. 112 (a)ti^ 
tmm 1 7 <ommi:^^i. H2 ( b > mmmw: 1 7 

cOtffiiSSr^-f. *fi?iJiO«J^gl 7-Cti. mfii^cOA 
;^xmSf£Ofl]«l ;l 1 5 U fN*Cff ;i S J: a tc h 

yy=Jxf'i)<t§mtiX\,^6. 

[ooi5]02 (si)izifiti:dizy}wmmi7ff)m 
y)«7)g^«?ffii^2 1 . ^i-^y^^ii-mm&^tifzif> 

tfOX>f ■y^2 3. #f-^y:t^;WC0>'NVl-X^igS1-S/>;J6 
m>f >yf-2 5. #-?-\'y^Vl/C0/ci6<7)ON-OFFX 
•!'f■2 7&t/f±B^i2 8*«ig^t^<^TV^S. ON-O 
FF;^-r •yf-2 7l±. fil:^(6]<7)c h 1 . ch2 • • • c 
h 3 2at/i{*|6]cOp 1 , p2- • •p32ti:oT^ 

ff*>^>ti«$^i.-c*j*). zixt>i}-(^iiM(7)2a±.(r>x^ 
•y^im^txoNi,zi-hzbizx<o . ^mth^mm 
mizMiKmzJv\.xmmmi^x^?>xoiz^j:-ox\<^ 

[0016] tt:m2 ( b ) t^-fct at^m^Sl 7 
OWffifflKcti. T^^r^' 1 5'\<Dtii:)immi2 9. 1 0 

0 vmj!Sfc«fmfig^r«i^3 y-fe y> 3 1 ai^r >f y 

1 9*»<5><om^S:SttAixaA:>ja53 S^^iSifaii 
[ 0 0 1 7 ] 03(4fl]mi§a 1 7 1 y l^-rJ'. 1 9 i: 

h%^m. 3 5 tciE?«tc«^*<ffins i 0 ^zwnfth^ 
mx'h *) . mi<7)mm&m. 3 5 tRa^ty nvi.;^ ^fl»&-r 
^i^izii^nmm3 sizntx^^r^ 1 
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UBS sizm^-fi^ix^vuxrmxdizthm^ 

zff)^i,z':>\.^xmm-t^. 
10 0 18] msiz^x a izmmm 1 7<nmM=i- 
2 i*^<i>r-^yu-^' 1 9^m.^fifz%%\.iT-i vu~ 

or^/r^ 1 5i:^ixmM<7)zi^^^^ i i*^f>iaTSi 
mti>nMim^m^tihXoi.z^j:'ox\>^i, t^. «j 

[0019] OTs *5%B3iO!^ffiWffifig^(iii.a«^^ 
{I3 5HoviTH4Hl62r#B3L^r*i^>iliBB-r.&. H 
4ti. mfii^S3 5^iffllia3 7<7)A-3Jti^A'-^3 9fc 

1§S4 l^Hi.Tij'). ^j$«4 lcO±Sj5-^>idi||4 
3*W, MBMS14 3(0*«tHa*^' rJ' 1 1 {Z^m 

S3 5c7)Tffl*^'i(i, 3-1 Omm|gpi-Cie*Sit/>:1g 

[0 0 2 0] ®8iJIS3 5ti. J^A—US 9<JDMgP4 7 

m^^ix.rzmnBizMlX^^filXoiz^j:'}Xii 

x^tihf)^. mmsi iz^mimm^^x o tcit 

mtlhXoiz^j:^X\'^^, «fli^S4 501l|S& 
«llt-ri.^cy)0«5i«. l34tc*-rj:3=5:«ii{cRS^§ 
fLSt>OTt4^<\ mHrmflilliI3 5eft:S:E«i^-v 
3 9 <0±«l251^§-iirS J: 3 t/c O . m^<7)m&} 

m^mtx. zMzx*)mm4 5<7)^mm3 7 
[002 1] m^4 5<o^mm\-<r>mi,immmm 

{zmimsmizmmixmm^tixts*). mitiON 

-OFFX^-yf-2 7tJo{tSM;t{f20c7)X'f -yf-i^ 
SjRWtCONt-rSClfcCJ: 0. MONtcUcX'f -y^ 
fcWlE-f S 2O0«fis4 5 a . 4 5 b^tCi^i^^LJt 

[0 0 2 2] \-:><r>r^-/v-i>i9^^mLxmL(r> 
m®4 5{cAvi.;^m8g$:fit*&-r^^-&ictt, mi -b >/ h 

^b^tTm3~|gn•t:•y^<7)l:fii{^/^V^;^SS$r»gL, i 
[ 0 0 2 3 ] flaiitf 1 01c7)«ffi4 5*<$) OIEA-C 1 ffl 
<r>^-vhi:l\lzX'3 0^mm.Ltz\^^. imzi 



lsl«0«*^ 3 0 ^mW, <i.O^Z^j:i>. 2-fe>yhB 

kti-t'/vm^^ivxwufmiti^. 1. i5u#f^ 

fc^Tioix, 3-b -y h gti 1 . 2#f^. 4 -b -y b @{i 1 . 
3m*, 5-b-yha«l. 4|!.^^t:-eix-PiVNVPxmsE 

mmm^h, zmzx o 3 o^^^(c{i3 0 5 us-'ia 
I. . -kwxmmk if<7)X 0 iz^^-tii)-><r>mizmt 
±ti<r)m^mmxn s-ty hc^mibiz^xm^j:^^^ 

S. yi^X^^)UXZmmLX\<^hi)K Mx-tf 2o<0T^ 
yv-^'l 9Srfi6ffl-f*C:i:HJ:0. mi-fe<y h<^»fiS 

i:m3-t:-yhO«ffi*»^,flM*«§it, ^h^m 
2. ^3 • • -cD^g-lr-yh. t/cB4. ^5 • • • 0# 
•fe >y h t d J: 3 1:2 ooaigy'?^'-yT'l:fifeSr)ii}Ji:*iJ 

mt:^'^izMmiz5f;-tii'. *l6B^liieStWIK:J:oTIS 

[0024] 

[5ite0ij] mmmi ■. ^fm-:^-\^^vyii^m)iz 
( 1 ) sts^rf >"<.rf-F<oisn- 

mzmtimij^mxhi. ^mmxamm-^L 

(±6mer) fc>';^f-< ySS^ftJnLf^I'^r^ h'^-^^ 
ATr^t LTfflV^Tt, ft#:W(-lis Cys-Glu-Leu- 
Tyr-Glnfi.UCys-Gl u-Leu-Tyr-Gl n-lysCOM.a^T'i' H $■ 

[002 5] (2)m^^fZ^ 

• KLH(keyhole limpet hemocyanin) in 50!S^''U-feC3— 
^Ki^80%nig/ml) CCalibiochemttD 

■ DMFA (i/'^-^/l/*;l-AT7Prt H) 

•MBS (m-VW'f 5K'<.>'y-Y;l'-N-t Hodfi<X 

^'vy-f 5 HXXx/I') CPiercettD 

• ^/Up^i^yA (7t;UVvTPD-10) 

• 50iiiMUyiS-tMI':^A>'s'-y7r- (pH7.5) 

• 100lllMU>'iS■^^>;'^A/^'•y7r- (pH7.2) 
[0026] ^Jsg 

• 7n-< yh^^Tv-' A A'yh (fca) 

• 7 0'f yh^^^TvjLA-yh (FIA) 

10 0 27 ] m<r>7y -( -r ^ -mm 

■mm HEPESyN'-y7r- (pH7.5) 

• Affigel 10*;t(415 Cam :t9 -y FttD 

• PBS 
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• SOoiH^'xyKA'-y 7 r-(pH3.0) 

•20%:/>;-fea-/l/-t-Na-PBS 

[0 0 28] {3) tmu^rry/^^VTm^xo 

(D MBS/vSttmHS-PS-fS, KLHJ«>40ing(0.5inl)5:50 
mM y ymt h y AA' .y 7 r -(pH7. 5) 1. 5d1 t jD;i , 
X^-^-im\>'^Xmf-tt, 9.3iii«<OMBS2:0.38 

awmMzmmtfzhcoi (fflB^Pi!) . ztiiztnl 

MBS^nm. S?aT'30^J«iff ^COtk. 2.Q00rp 

litl.. 7 7;l^-7$/rPD-10;«'7Ai£-5:50inM U>'K'th 
U'!7AA-.y7r- (pH7.5) 40~50iiil-egfe?* TO£ 

f^mj^x-mmmnmrntbisb (STO.siisrprevoidt 

LTjfCS) . 2iil«0^ai?S (MBS/vSftmH) SrigiR 

[00301 ® -^^nTt >"x^7'f - H SrvStt^bKLHt 
;<^«yry>'^'-rs. -&^'^rf-h'5ngme[S:4.5mlc7)100m 
Myyi3JaA'.y7r- (PH7.2) {C^gfL. ^ff-TS, Z 
pHIS^^^rfflv^T^JSOpHAiTi^-oTV^^rv^ii: 
SrS^-rS. Clittc:. 0.5ml cOMBS/vSttmHS:SlI;c.. 4 

[00311 (4)fi& 

-fs i^mm^(r)^^^iziciLxi<xf^ino, m. 
mmo.3mHzMtxoM\<r>FCMisat. tmik. m=^m 

[Branson Sonifier 185 (bath type), power?— 
10, B^Sg^D (cj:-^Txv/l.j^'gy=JrpS-ri.. ^ 

tii. tE^(om±izast&&Tmizio^mmmz 
mrcmti-t. ^ittiisc^sv^tiaiGS-fflvM,. 
® mi>nmz2<x^i^o. zco^^n. 03mico 
wwmmiizn txo. emi oFiAirfflv >-c , i5i:Ki;x-7;i^i; 
^ymmti. tE^<r)mmizmit^, 
o 2<5c^EsaE<o2jiisi»fc4jaisf*t. 3»:^!5Sat/f4»:^fe 

SSrffo. 0.15inliOt5ilI?g^$r0.45inlWB 
aitm±26G-CJ:V\ 

® 4»:^^c7)J!jliirBmtc, liRtH-JSJlllSrfi^a, 40~50inl 

T-f-ftaiSr^T^. %mhm.. mx^m^^x. 2 

[0032] (5) fii:fl:<7)T7-f--r^-fflS 
® r7 -f-r-f-^r'yl'S-lliii-tl.. T7 -f-x-f-ta 
LTCiAff igel 10*yitil5S:ffll,^S . *-f. >'Nrf- 



>"<r-fH l~5iii«S-4BliO100nM HEPES^'N'-y 7 r- (pW. 
5) icjf^-ri., <XtC. l~2Dlcr)AffigelSr/7;?.7-f;l/ 
^'-±T«R5l?7fevtL (*J^IS@*10mlX2|5]) , K*>{C 

7i;-<o^7'^H*^<7ty)fc:, IIS^^5;^7^;p^'- 

Wi?^2Qj:x:?y-;l/^fflt.^T^^tCi*j!H., ftfStc 
PBST W^b t T < , «»(i}$iST1f 3 . 

[0033]® ^mmmtiry ^~^^—hvK\z 
Wi^^h, ry ^~^'{-'f)V^tiyuz (i*]g5~i 
Omn^iK) PBSfaiftl.. ^m-fbArfflOmlS:!!) 

*<?)PBS-C*Rt, 7-<>l':}'- (0.22*y::{i0.45//m) 
S-jlL, ;<?7A{c»tl.. ®S?SS:I11IRL, 3-4|2lS 

<0PBST;<?7A&^?t-ri,, 

[00341 ® xm-^nm-h.ht,is^bm.5^\<n 

2MhUxyN'>y7T- (pH9.5) S'AiXTl^V^Ttf-a-T' 
\,z. ry <-y-<-'r}\^i)^t^W^^m'i£,^^h. 

5Blc?)50iiiM^'xyi?A*>y7r- (pHB.O) Srlml/^J-g 

ig<^^-e»Lrffo. j§ai?s^^*ff-a-7' 

\m U , 20Z/ U -b n-;l^Na-PBSt jl^ UTSWSrff o 
(4*0, , fiE«:0«S«, 280niiic7)iSJR$:H-ilU 

Tffd (Img IgG/mU A28o = 1.4) . iiffi, IMOmgO!^ 

MWigG*«iniiR§tii.. 'hmk-mcxvso. 
[00351 iiiSM2 : vomm/imm 

( 1 ) mmmm 

Mmmmsmnxx/mmimm^^ e i s b a 

L B/c Jrt^p 7 ^'>:^*>^>®!j6ffi{c J: o TiSi? L 

/C. 7 DIV (days in vitro) tg^iftSr, M:trOW«C 

fctti. p M Aai^m«fijgi!<o;ty>(;ffiffl L/C , mmmm 

S§f*:-9-yj'---y hS6S<7)^««)^Ci6{C, 1 OmM 
OKC 1 ^frT^ yb>nTl~2 1 B^IS^L^. B 
^-a.-nyiii^ 1 0%ISifilft5r-g-tfDMEM (Gibco BR 

L) •cix(±2araig«L> -ec^f^s B-27 (cibco br 

L) S'fflJKLJtNeurobasal^ift (Gibco BRL) Ximt 
tc. tg«tltC(i. B-27 (Gibco BRL) i:WtlfzHeurob 
asaltgJfi (Gibco BRL) *^^>^|,tgtfi&fit*&L/c. GF 
P^'^^lt/'^:J':J'-S:iftf^:^ONRG7-7X5h' (p 
EGFP, Clontech) SrLipofectaaine (SH^) 2000 (G 
ibco BRL) t2j:0^^h7yX7x^'i^3yUc (il 
mi.(r>hyyxyj,^>'3yi^^: 1-3%, mm 
Ba:5~10%). h5>';^7x^'i^3y<024~3 6 
^Sf^t^j.-0>'^ 1//MOPMA (Tocris) T6 0 

[0 0 361 {DOjwmcoNRGcomta 

trWL. iai*>'?>6lc^KL7t^jtS-*t--2.*BflafMSia 
ffl;^/^^;t^:RinNRGSrh7y>^7x 

^ y tJt 5 X 1 o«~5 X 1 07a8at3 o-»-ra«om 
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l^flM (1mA. 3 0~6 0V»|.) mUt:^. W 

mi}-^n(:>ilti^mmi:mUL. -tr^hUayi 0& 
U^lOO (Millipore) SrfflV^Tjg^L, (> 

mmimm'i^ntcmm^f^i^mx'umLtz, ErbBu 

yWtitl>Zt5\,^X . 4fJ:5'0— t;l^ta-Ert)B4fii* (Santa 

Cruz) izxm^mmiz. -T^x^yi^a-i-ji^m 

t'Xt^^ai^ytKf¥. ( 4 G l 0 ) ^m^^XWm^izX *) 
'yxxi'yya-/ h^flfJrffofc (Rieff Hlffl! J Neuro 
sci. 19(24). 10757-10766(1999)) . ^m^<7)t: 

izA'cvimm^ y^j.<-hifzm. raf^yA- 

Sepharoset -mzA'CX 1 B^ffl^ ydf j.'s- b Ifz. 
»:V^T, 5-<-fe-h$rl 50 00rpmT3:»H3l'll^ 

±mimtt:, ^U'yhmmmmx2mmf¥ 
u ^)\^v-T^ymmmmmLfz. m^s^ 
mmt. ^y^'ii'Mim^m-cmuc. 
{oo37]cREBy ymitimm-r^tiMz. 7 d 

I vcotmmmm^:. ^mmx-i o~i smmm 
Uzik. 4%vt7*;i'Ar/i/Tt h'Ti o^mi&it 

;Hil-PCREBta:* (BioLabs) TUkBL^i, JfefeL 

t:m.mmu-^-^m.m.m (cari zeiss) tis 

^It:. Alexa (SSIffiM) (Molecular probe) 
[0038] (M*) 

( 1 ) mmm~:^-tiyRx/^\^jimmiimizm?>NR 
Gmmm<^^y^'<i^mm 

x^ymmmmm^^m^^m^tz. i&m-^-D 

y(PN){4. ISaSc^E (EI8) *>^>^|gt. /Jn 

i&TOiffliia ( Gc ) titb^fi? a s ( p 7 ) i)-^mmi 

fz. igS-A-ny-COmNRG<7)^'y>'N-i?«^BT«0W 

GFP- tagS:-^tfffl;^^^;c^:SNRGi8 1 
5- h 7 7 X 3 y tTt ^-g- 1 ViJ^tCO O 

PKCvS14^bH^-C*S*/W'-K-/l/- 1 2-5 
■f-h-1 3-T-b-f-b (PMA) T6 0^^^L 

[0039] WticHSitPfiiWcoracov'^rxtijtt 

S N R Gg§f*:l;:^3i IX . ErbB 2 at/ErbB4 *VJ« 
tcW4L''CV^Sifc(4B{f8'C*2. (Ozaki M flS Nature. 
390. 691-694(1997) : iStl^Ozaki M m Neurosci Res, 
30 (4). 351-354(1998)) . ErbMCO^mi. mWmM 
BaTW'f yh'Vum^ yh'rarbB2<o^iSJ: 9 tSS 
i}^->fz. ■^^^u-y^AMPfmu&M'^i'y^-^^m 

(CREB) cOUyg!ftA^ ErbB4j//-f/WE^S8cO$ ^ 
tCTc£lcB84L'C>^->3t (Taberbero A fiij Mol CellNeuro 



sci. 10. 309-322(1998)) , PMAXmmmm~ 

:^~nyRxmwmm<r)imm^mmt:missi.i. m 
m t , mn.mmz 5 ~ i o j^mmm ttz . *iErbB4ta;«!: 

pmxmai. yvi-y hitfL-t^xt'i-a'^ytm m 

-TYK) TttffiLJt. b5>'X7x:7i/3>'L^V« 
^-A-oy (None) , <^^^-i:hyyxy x.^'>3 
yUzBmm(yPN) ^ NRGihyyxyj^^i^s 
yU^iSlStS-a-ay (tPN) . K^i'-ihyy 

3.-^'^ 3 ytfZ^nmM GO . St^mNRG 
$rh7yX7x^i^3yUclSaiNB)ia (tGC) *»<i>, 

^fftiPffiS-igjRU^:. mNRG^h7y;^7x^'v3y 

xi^iyBytKc^^-zL-ayMf^'!^i'-(0^ihyy 

xyxi'^yay uzmmtmix .m^v ymtm 

i7f;Lt: (07 B. I27C) , ±#UcsNRG«ti, 

m^mm^m^'-^xEMvymmzX'oxwsuz. mN 

RGS: h 7 y;<.7 X 3 > U>:- A-ny*^^,#<i>it 
/i^fl^^ifitc J: 1. 1 8 0 k DOf-o-yy- y yK^N'y 

B). Vyyxy x.^^i^syUzKm^-jL-ay-^x/ 

mm&MiPKC]sm\xh^n7xmuzm^<D^ 
mmvii. vym^tm.ii.m^M:. i*i«ttNRG 

(iErbBU yS?fli<7)^^rvgttSrS^$^r*>-?/i; L*>L. 
V^y^i-yh im^i^x.) mNRGS:^SnjL-oy 

t h 7 y;^ 7 X h L/trJ^. ErbB4 y yit'fkttJi^T 

m^i^X.mNRGi)-l^m^lfzZti:^-t. miciiza 

v^-c. 'jyKftojt^ii, Ermmmzxh^tmik 

lz:rav h If^iErbW^y-rMzMtXtmitLt:, 
[0040] CREB- V ymit<r)i&Skm7<r>Diz^i; 
PMA« (mm) t<J:0i!c{iS$^ll.^j8a5r;^ty 

t/iisaiffl)ia$-(iSf*. ixt^xt^cREmi^xm^Lfz. 
umi[k-a.-oyi}^ii,<r)^n-i^mmmu. hm 
c ) cofzMzm^L. whmmimmi}'(i<o^f^^mi 

M (d. eSl^f ) (DtitbizmmLtz. A-;^;PD{4. 
3yho-;Ka. d) . ^^i'- (b. e ) 
NRG ( c . f ) Ir^-r. ^mStfi! ( c&t/rf ) 14. « 
Bf $ix^l*l4tt2it^iffl^«i;t<0N RG-£r#t^t4rT* 

x.mNRGi*£7)s NRGtJ; OfSl^^ixSCREBUyK 

CREB U yi?^l:*i|^§ ti^. 4*g3li?&iNeiES:ffiffl Ufe 
^(C{4. KC lMi[fcJ:SNRGc^tt{iSt4BBfifct4a 

[004 1] ^;imNRG5:h7yX7x^'5^3yU.: 

Bmm^ci.-ayRx/mmm-'^cD^w^m^i.. em 
-Rifcm- V ym^t<^m^j:hfsmfptt:. ErbB-a 
txcREB- y yig'fbvSttcojSi^*-^, . ^ yf^9'&m\<z& 
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fz. NRGW^:J'07°DfT— tf (ADAMs) 7rS 
U-rDrT— IfcOSWt tT^fi§$^^T^^I. (Shirak 
abe K ftilJ Biol Chem. 276(12). 9352-9358(2000)) . 
^^ornrT— ifCiSNRGflJISrti, ±blX-:f)U 

(Loeb JA fliJ Mol Cell Neurosci, 11(1-2), 77-91(199 

8)) , l^RG(7)f'yj-<i'MMi. «<^SS. NRG 

[004 2] (2) A-^-yfl:m§^*lMtiSNRG<^ 

wmLX'5^n.m\,zmmmLfz (m8<r>Am 

B). lHz*'<i>10 0Hz<OJMi!{^T'JyK^kvStt75< 
eJtBS^i, 5 0Hz*«ft3gT'J)o/i. 5 0Hz-C<0CREB 

- 'J ymmtiii . h U a^-v y^^;^ra 7 :^ -T 

TX-C36. 6±5. 4 5%yo«y^'SfL>t. HBtfc 
V^T, PCREB-ltttifflJiaSrftSJL. ^«IJiBStt:*f LtS 

uymmzmt£i>^t^^\:,h:Lt^mLth. nr 
Gco^' yi-^^mm^zm^smsmi 5 o h z -c * o 

[0043] NRG<0^'y>'N"^'®:a-|If*<S^rS''N°:5'-y 

Jia^T'c7)^$iMf^{;, ErbBUylS^li^Jil-TYKSr^ 
ifl:-ErbB4Si#:5:fflV^!^C^&git^tCj: O^ttJUTt. fa-E 
rbB4fit«tT-}Si:t7t«MNRG(i, taTYKi5ifti&fflV% 

yK<tL/v:ErbBS?^«c^l2ilL:^c. 'J 
ErbB4S^^^-f;W=*f LX UW^-fl C t (c: J; 0 SJ^ L 

vymiti^yi-Mi. i&m)m<D^timLx 

5 0 H z <7)fffiX'*StC^*>-5/i (09 A&xm9 
B ) . ^tttMcOCREB- y yig-ftSttt, 5 0 H zCOflffi 

9-y^m; 

[0044] ±ie^raS:<sMf^, HQESt/QF^BK 

itzi;mi:imbxwm(r>NRGimtnLti, mtm 

thtjLi^ (ttsNRGtiift) ^ffifflUo. mmflMf^. 

f<7ixio«ffl^oh5yx7x;?i-gy uzmmmi 
mtx^mm^m uz. i o o k DiiUL&tA i o 
kD^f»<o^yj^ifnt:-ty\>oayi oisitxi oos 



mitz. ^<D^k. IJtsNRGJaflsSrfflV^T^feSW^ 
ftv\ NRG<7)/3 ir^V7:r-AmS:l2irc§Sln; 
-NRG/9 ifiifiicSrfflv^r^ Ay T'p-yM.^t. :ro.y 
hS-I19G{c^t. flJBrL;'::NRG(?3i^^^-t;Ui*«;3 0 

k Dcrti^SiZ^m^tlt:. H 7T 5 0 H zc7)mc7)Ji 

mnmRGcoiy^tMmQifZimtii^fi^j:^^ 

-ytz, WJi<0*S*!6'*>> sNRGti. !NfS<0>''?^->'0 
0 mN RG*>/i,it4t I. C: t Uz, 

[0045] mmms \m's.mwmjm(^m 

m^J^^, ')T)V9AM.^-!ffm (ABI prisra T700, 
Perkin Elmer) S:?f-5/i. Primer Express(PE Bio^rste 
ms) ^t r7 ^ ■7-Stn'aqMan7-D-y i&igff t 
/c, #r7^-7-tcJ:0li?§U>;PCRSft{iT;<fa- 

3Scllt=5r*»-5it, ^^i^T'ti. TTX ( 1/^M, Tocr 
is) , D-AP5 (5 0//M, Tocris) , MK80 1 
( 2 5iuM, Tocris) , CNQX ( 1 0/*M. Tocri 
s) , C d ( 1 0 OuU^ Wako Inc; ) StXEGTA ( 1 
mM. Sigma) SrfJfflUc. 

[0046] (JSm) m^MtciOMffll^ii/vrNMD 
A&l^GA B AAS«fH-7'i:i-y h«05i^ 
NMDASrXGABAAS^«r9-7'a:i-y h%^Sr©JfflI 

{l:;KUp{7-e^^Kl5<PCR)a2:fflV%T. NMD 
A&t/GABAAg^{H-7'J---y hcOmRN A<;)^ 

^yh'hDt-l~2 1 Bmim^^X'^mLtz. 5fe 

■f. tg^ffiMflS+ONMDA&t/^GABAASStfttiJ^ 
#1?-:ra--y ^<OmRNAJS^^"^^^p/<;t (010 
A) . -a-py:^^e<jxy5— fe' (NSE) $rWB^t 
t-Cffll<^3t, P7V'>X*^<i^S3Uv:7DI V (days i 
n vitro) Jg«r.a-oy<7)tt«a. )SI!«l8T>f yh';K 
•CP 1 4 V^XiOtOtatlWtClHl-Tj)!. . -f yh'.-K 
<0P 1 4T\ NR 2 B%3i{i/]«f4«lfia-Ci^A' ■/ hiJ^ 

yth-n. N R 2 c ^a^iia*BiM-C'^^>*iS . 

NMD AS^«c<01?-7'JLri -y h <Dfl) •) #;t« V^;^"?** 

P 1 AX-mmiLtz. -fj. GABAAOa 1. /9 2 
S.Ur 2-9-ra--y yt';K<OP 1 AX'i^^L 

imtRixm^muz. 

[0 047] immmmm^m^d:hmmL {0^10 0 

Hz) T'lmA-eSO^MSOTffiUc (01OB. 10 

RGmmmzji-yxmrnitz^K ^mmmm^ 

miiiMti<7)^hM.t>ix.Kri)^'ot:, NMDAS?|!ficNR 
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2 BRixG A B AAa 2 , r 1 m^. mmmm^ 
i.mixff)nmx'm^^z\<m\i!,^ti-^j:ti^->tz, nmd 

A'SMW.n R 2 c ■9-7'jL - .y h <r>9iM± . 1 H z 1 
0 0 H zmmx'ffimmmmzii'>xm^ix. i o 
0 H z ^fc'<oii5jgimT-<ofij«rc-«ia}5tL7tJiJn«TT 

X(Ci 0^0 7:5' $il7t:, 1 Hz<0$lJ®lCJ:SNR2C 

GABAAS^f*:i9 2f-7'-x::i-/ mRNA|6 
W>i. 0. 1 *><^ 1 0 H z c0®iS«ii:O WCiSJD L 
Jt. ffijg«i;:coMa(wJ;l.tiWiTTXicJ; OgP^Wt:: 
yn<y^'§nyi*«. 10 0HztCj;|.>3 2cOJffiIDWTT 

[0048] ^^WHi^tC iWf > NMD ASlf AM 
P Ag§«sigtt, Mt^lC^/Ui^'!? A^-v y ;t>/P3&5N R 2 

lHz-CJ!imUcNR2CX*t±, mRN AcOlS^liNM 

DA, Aup k'^mwTy'?d-xY\,zi.y)m^<mm^ 
ixtc. mmmmLiooHzX'ii. w^mkboi m 

MPAgWfrJ:'3t>NR2C|&3S{cS^L-CV^7t. IH 
zrSlIffltL!t/3 2T{i. MS[S»lHz(?5NR2C<7) 

mm<r>m^x'$)'ofz. i o o h z T'mLfvriS 2 

<0mRNA<7)JiJn{i, NMDA, AMP ASS«cT>':? 
::f-;^h&t/^;</;wS/'^Af-A'>'^-;l^7"D-y;<?- 
Wyo y;i&-: Cd&EGTA) tj: OffiWi^fi^t. N 
R2CRX/0 2(m-H(r>^X\ il)V-y^A^^ry^-)V 

ru >y >y vff)m.^^< 

it:^. ismm.x'immi^j:i)^.r>t:. mmmi 

^^mmLx\^hzbi}<hf}-?>, tt:. it^<7)m^« 

ry^'^-X h&t^'T'o •y*-<7)#ftT-ci>iE^^ 

Stti&aj^j-wfciii^-ts z b ifix't fe. 1 H z<mmx: 

-r (01OC. /92<OJ^) . 

[0049] (mtmn^) 0 1 1 fcr^iiO , /MB 

NMDAaf^GABAAg^f!|cS::frtT^ 

^<r)mibv^m<r>f^if>-y<nmiuzii^^x. p=5r 

IB®§iXt:i^SvIi:tim-CJ>& (Buonanno A ffi Curr 
Opin Neurobiol, 9. 110-120(1999)) . ^j^-V^^ 



tifzw^mizi. -> X ^TcT) u ymmmmm^tix 

V^&ii:t45|*»T*>5 (Buonanno A flfi Curr Opin Neur 
obiol, 9. 110-120(1999)) . 

[0050] m&m 2 XU. ^ yn9Wmts:ii<n^ y 
>'^^'«rn-fe«^y^*J. n9'-y^^c^t^:t^.%'^'mzi. 

'^XVm^fihZ.t^^'Lfz. \\RQ(r>^yn^'§.Jft 

h<7)i\RQ(ri9y)^^mMzmm:imM'mi,tMz 
souzx'h-yfz. z</)mmi. ^^mmA-ti-fi. i^-r 
r:^mmimix'nf&^m(7>^^^-yi)mmtmm^ 

rxm~^-tiyi:nm^-\ti, 'yi-rx^mmm^ 
'^i-rxfiiimmbwimthmz. -^i-rx^m-^- 

xmmm<hh (011). i^i-rxm'^^mi,zt3\>^ 

f^i')VWMiitLfiiit^Hm<r>lS5.mn^iZ. mNRGti 

mmmmcois^y^-^^nmi^ifi-^m^i^ibi, m 

iicoi^t. dOHzcomwHii^-trxWMi/i-i-y' 
:^m<r>-zL-\:iy(r)mmi>zmh'i'mmb^l 

(ytlh (01 ICOI I) . 

[005 1]$f)lC, sNRG{Cj;0iSt5§ni>NR2 

cmff2mcoji^fmmm(?mz^j:-yfz. mm. 

mmX'H ( 1 H z ) . /3 2 RN Ati^'yU:? S ViSS^ 

f!|:&T/ErbBSS#:cOvSttft2::rt-tT, NR2C RNA 
iOi^AtClK^^ilJt. NR2CmRNAt±, l^M^ 
m.(lOO}iz)Tli02X*)t^<im^tl. iffV^ 

5y®SS«f*: mz. NMDAg§#:) WvStt-fCSrff^r 

of^, N R GiO^' WN-^«^»r<^ftajg«;^t'*>& 5 0 

Hz-C«, NR2C&tX/3 2f-yjL:::«yh5%^«t^T' 
#^:*>-5Jt. NR2C|«3Sfc:a-a-oy««)*«j^T' 
S> •) , TSTj^aoN RGcoS^^wm^vSKitc J: -:.-C$f| 
ffliSfLTt^l.^rigffi4mc:S1$iitv^|> (Ozaki M ffi 
The Neuroscientist. 7(2), 146-154(2001)) . sfcSUt 

m-{4, nRG<D^y)-^^'s.mmmL^zmLtdB 
X'n^m(r>f^i'-y\,zi:r,xmmixx\^h:ib^^ 

i^THtEL-t, NRG^iNR2CSy^/9 2t^■/JL::l•y h 

70I2M/III) ^(/^^^^^(Hi loii) <mx'm 
msL<nwmw.z-^-m''^tfc. z.<r)-^--fiL^wimh 

m*^^. ErbBSmS:-irOSSi<7)g§f*:*^'NR2Cat/" 

/3 2-t7'i-"/ vm.mmmH-Lx\^hzbifivm 

[0052] Wm^^mk^il^h. WTW2o<0» 

js*<^$/xi.. ( 1 ) 

s=5r^^*> ( 2 ) mmi^^mAi. ^^wm 
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ifiX'th (llO, C) . x-^-rx^^OJg^tCfcV^ 
W[^zi)X^-Ytli:mfh-^m.mh (01 2) , S 

-oMiy'?^'~>' A t B S:J>i)ii:;t«§i)>'N':J'- VS:#•f 
l. . ;^ X^r- vizm^^&j'^i'-ymmmi'mi 

f-v- y :^yKO^g1tfl:<offl;?i-&*)-^{c; J: -> t fl!)«$ ixt 
[00 533 7>':?:f-Xbat^yo«y;i&-fc 

i^^j-<i^-y<7)mfmmzx -yxmx^ s ; t Srs* 

<:110>; RIKEN 

<;120>; A device for cell stioulation 
<:130>; A11456MA 
<;160>: 2 

[0056] 

<;210>; 1 
<:211>; 6 
<;212>; PRT 

<;213>; Synthetic peptide 
<:400>; 1 

Cys Glu Glu Leu Tyr Gin 
1 5 

[00573 

<;210>; 2 
<;211>; 6 
<;212>; PRT 

<;213>; Synthetic peptide 
<;400>: 2 

Cys Glu Leu Tyr Gin Lys 
1 5 

mi 3 ^m<nmmfsms(r>mmztnzmfi;> 

ilh^Mi:^i-lE^X'hl . 

[02 ] 02 ( a ) mimm.<^mmi:^L. 02 

( b ) mimsco^mmiTikt. 

[031 fljg^afc vu-^^tffymmm^Tsitm 



im<7)^'<i^-y<Dismi:m^hzbimmx'hh. 

[0054] 

immm mimnzimcomMizj:ixi£. mm 
<. ttzmmmiz-mzmss,mm^ii>zti!' 

X'th. 47tW«Ja2{~iE«£7)||BBtcj:it{f, tg«^S 

mm^^n.±.\,zmtzmx\ ^^^9^i,zwm 
wkwsLLx. mm^im^nmmz-mz'mffi 
mm^H-thzbtiK'th. ttzm-m3^ztm<nw^ 
(Ccfciitf. Tyr^\.zm^m-h<r)m^i^mth:i 

T%h, ttim^miizwm-hzb\,zj;:*). -t-it^ 
b uzmimmi:m.-tt ^ t tn-^ s « t t:m^4 

zm*)iiii imiii^^&<7ymuzi: -yxmmizm 
zbtK't^. trzm-^ms^zimcomn^zxmi. m 
mm^mz^^-timmiizMix . mn^^mzmmi 

^mi^llZbti^mb^j::^. t/ciS*^6*^^>9{c 

iz. mm^in'yi^hzb^j:<.mmmm^x.?>z 

bifX'^h, 
[00553 



and a method for stimulating cells 



X'hh> 

[04 ] m^.-^im<nX'>tz=y^-ViZ-^ -y b Lt: 
[05 ] fl:ffi^SS:Mfla<7)Ao/Si^^-Wt-b'y h 

[06] w^mzwm'^^-i^iWMLxmmzns^ 
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jaSr7 D I V (days in vitro) TtniNRG/J IfitftX' 

D-bX{iNRG^'ttT-J>-?/i (HA) . X^r-yl/ZN'- ; 
6 0)umiaB-C«, llMl®^-a-oy&l^f4iW)!aS:. 

^:V^ti7)t-9V^TPSL, PMAT6 0^MStt. * 
(4G1 0) T^tiiUc. 180kD<0^nvi/ 

uyK<bUc^N>H$-*JS[KJ:«3eiaiU^ (0B) . ^ 

fr^ifiSrPN (^5>'X7x^'^'3yt^^^)iB^t^-i 

-ny) , tPN (hvyxyx^^i^ayUMm- 
jL-oy) , GC {h'^y:x7xf^>'3yL^\>mfm 

m) . RX/tGC {hyyxyji^yayLfzWikm 

V^t. ^frtgiWJjgtf^cOCREB-DylHfcSrilAWc. ifll 

?f«i«i/hM4ai]ia$r. Bm^^-:L-ayRifmmm 

a, d:Sm 

b, e (pEGFP-N3) 

c, f : pNRG-GFP 

feLfe. PMAfM (6 0^)-^) t J: 0»ai§ii^^^ 

/I/ c at^ f icfc V ^ t i*ittit N RGmm^m ti^ rg^ 
■ktni-rxthh. hRx/ei)^t,<r>mmmi. m^tsii 

mNRGi}^^m^ilfz^RGCOi^myf^ltz, ErbBS 
X/CmVymitT-yt^?kimmLX. ES{/FtCfcU 

LYQKRVLTEmaSltjlH^-Y ^NSfelBIiO 

[08 ] HSti:. S^IJatC i SCREB- U ^K^k^SttS- 

-a.-uyt:7Bmi^mt. ^^^i?-y (ommm 
x-mmifz, m^m, cRE&-oymiti:mmm^ 
fflv^Tiffl^^ (0Aai^B) . tnPcsEmmzfmcrm 



yi^j^^j:5m(r>mmm ( 2 ofg) sr«iiistj-is<7)fe 
L/i. cBEBu ym\:.<Dmi 5 0 H zMja-c'^ffit-A-j 

Jt. UyS!'fb(iTTXfc:J:0a5^)-Wfc:yo.y^'§ixit. 
[09] I19li. m^Jiffit<}:SNRG(0^'WN-^«:9- 
llfSr^-r. «^J^^. ErbB4<?)^oi^y«J>-e-fkvgtt 

i:PMAmmizxm~<oumx'm^uz. v^•;^/^A 

ti. llH^^lm-i-ay&t/1^Mi8afci3V^T^i. ErbB4 
0 H z (Of J^X'ftSft ^Zti:^^t. i-r^i^yV ymit 

iiyyy^z^mh (0B) . ac&txD-cw, /MhS 
sw^fflv^t^f^tgJWMtcj: mmm. crebu y 

ffmmm^mtf'hWfiLfz^mmx'W.WLLt: ( 1 

5^ra) . 5 0HzCOfMT'{i7 7. 4 ±2. 0 8%«0 
UmaiiaA^'PCREBIlttT'J) 0 , 1 0 0 H z cpf MT'tt 6 
2. 5 ±4. 1 7%*<rcREBBttT'*o;ft. PCREBtfDRJE 
lf-7li5 0HzT'^aiSiXJt (n=15. *p<0. 

0 15), mmz. ^mcmm^j^yfu -y i o 

m^tifz^RGt:%Wik\i^Uz^^^G(,Z7i&, 

mmmEm/p^wm-h. mURG^^smm. 

izhyyxy x^'i^ByLfz (Vyyxy x.'^i^^y^ 
^:~5%) 5xi06~5xi07ii(?)m*m!a*^<c>. 
^JglfiS-llIlRLy;:. tgifiS-tyhyny^fflV^T^iffi 
L, Si-sNRGfiiftT'^fegifcKUv:. fafriLTti. 

fl)ffiaN R GO c 7K«co;?ii Sr i2M6-r I. in: s N R G 'J :7 
a-:>-;l/!ji«c {mmiX'H^^Ltzm^) ^mttz. 

m.immz. iiRG^i<r>^^wmthmiiRGfii 

iKmm^-^X^:i^x9y:rx3-,h^Vxi^':>rz, llGtc 
^•tm*). 5 0 H zcOfMT'WSN RGOx^^:h;P*< 
«iaiT^5t. dcOv-^-^MiPKCffi^TftSH?*! 

N R Gmmm.<mmzmtx s^f ^ t . 

[®1 0] 01 0«. ';T;P:J''f AgS^bPCRffitcJ: 
0 ^ L7t N M D ARl/f G A B A Ag^ftrtT'J.r. ./ h 
m.i:^-f. HA-C'ti, >f yfc>p-ei~2 1 SSI 0 
mMcOKC 1 $:ffllr^-CtgSUcia«4iiaiia5:ffl>»^-C. NM 
DA&rXGABAAg$flr<?-7^JL:i^ K^^iKfe, 
l;^1^5li^(07ti6(Z7D I V (days in vitro) SrS 
IRUc. 7D I Vt'«. ^i«flat±*!t'*S'TV>S3{)\ 
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